The Nuclear Organization and Management Analysis Concept was first presented at the IEEE Human Factors meeting in Monterey in 1988. In the four years since that paper, the concept and its associated methodology has been demonstrated at two commercial nuclear power plants (NPP) and one fossil power plant. In addition, applications of some of the methods have been utilized in other types of organizations, and products are being developed from the insights obtained using the concept for various organization and management activities. This paper will focus on the insights and results obtained from the two demonstration studies at the commercial NPPs. The results emphasize the utility of the methodology and the comparability of the results from the two organizations.
The Nuclear Organization and Management Analysis Concept [l] was developed as part of an effort to identify scientifically valid and acceptable techniques to examine and asses the broad influence of organizational factors on NPP safety. The concept is a description of the human organization of a NPP. Its utility lies in the fact that it is a dynamic, interactive, and behavior-oriented characterization of the plant, emphasizing functional relationships between units. The identification of such a concept allows ideas generated by a particular characterization of the organization to be tested by a methodology. The concept of the NPP adopted for normal operations is characterized by large-sized units in the operating core, which performs the basic work of the organization including operations, maintenance and instrumentation and control, centralized decision-making, a functional basis for grouping personnel, and a sharp distinction between staff and line. Coordination occurs mainly through the standardization of work and skill (implementation of procedures, policies, programs, and training) primarily located in engineering, licensing, training and quality assurance units [2].
To validate the concept, a methodology was proposed and implemented at two NPPs and one fossil fuel power plant. Data was collected using three different methods. The first method is functional analysis, which provides a description of the organizational work flow. The method involves the examination of documentation, interviews, walk-throughs, talk-throughs, and observation of organizational activities. The second method is a behavioral observation technique which invplves the actual observation of managers as they carry out their work. Their behaviors are categorized using a predetermined scheme; their patterns of interaction and communication are also recorded. The thira method is an organizational culture assessment which involves personnel completing a paper and pencil questionnaire. Items on the questionnaire measure various aspects of the organization's working environment and culture, as well as other dimensions of organizational behavior. Each of the three methods supplement the information obtained from the others; all are necessary to obtain insights on the organization.
All three methods were utilized at the three demonstration sites. Each method proved to be practical; i.e., each could be implemented, was comprehensible, and did not consume excessive resources. Each method was also considered acceptable; i.e., each could be conducted without undue disruption of normal plant routines. With some modification of the behavioral observation technique over time, each method proved useful; i.e., each method generated data that were reliable and valid.
Based on the results obtained from the demonstration studies, five organizational factors, which are consistent with the originally developed organizational concept, have been identified as important for safety performance. These factors are: communication; standardization of work decision-making and problem-solving; management attention, involvement and oversight; and organizational culture. Utilizing the methods discussed above, quantitative data can be collected on each of these organizational factors. Differences seem to exist both on the factors across organizations, and between organizational units and levels, indicating their discriminative dimensions. Additionally, behaviors which may be characteristic of NPPs with records of similar safety performance have also been identified. These results are the focus of this paper.
Data Collection
Only the data collected from the two commercial NPPs will be discussed in this paper. The results of the fossil fuel power plant demonstration study are described in detail elsewhere [3] . The identity of the two NPPs will remain anonymous to ensure an element of confidentiality in the data, especially when comparisons are made. The plants were chosen primarily because of their excellent safety records and because they are considered 'good' performers by the NRC. Both plants are two unit sites, one is a pressurized water reactor and the other is a boiling water reactor. Data collection was separated by two years between the two sites.
Researchers from Brookhaven National Laboratory conducted the demonstration studies over a period of approximately three months at each site. Actual on-site time was 5 weeks at one plant and about 4 weeks at the other. The studies that were conducted were not regulatory evaluations of the plants, but rather descriptive efforts for identifying the organizational factors believed to be important for safety performance. As part of the research effort, detailed debriefings were made to plant management after the completion of each study.
A description of the implementation of each of the data collection methods at each plant is discussed below. A behavioral classification scheme consisting of 37 different behaviors was utilized in the observations of the supervisors and managers. The 37 behaviors were grouped into six primary categories which included decision-making/problem-solving, management attention and oversight, B .clarifying ambiguity, planning and organizing, solitay work, and nonwork related activity. In addition, several dimensions of the communication process itself were recorded including formality, mode, and respondent unit identification.
Organizational Culture Assessment
One way in which the culture of an organization can be assessed is through the use of a survey. The primary purpose of administering a survey is to measure, in a more quantitative and objective way, the notion of organizational culture. In particular, those aspects of the working environment which are believed to be important influences on the operations of a facility and on the safety issues relevant to the organization can be objectively assessed and quantified. Issues addressed in the survey included culture, cohesiveness, commitment, hazardous nature of work, and attention to safety.
Other 8 50 Tech. Sup.* In addition, by conducting a survey, a broad sampling of the individuals in the organization can be obtained. The use of survey provides a more comprehensive picture of the organization by querying a much larger number of individuals than can be reached through the use of the Functional Analysis and Behavioral Observation Technique. The survey also provides a descriptive profile of the organization at one point in time that can then be used as a baseline point against which subsequent comparisons of other points in time can be made.
In Plant A the questionnaire was administered by sampling within selected departments. A total of 615 questionnaires were distributed, and 515 were returned and analyzed. This represented an 84% response rate. In Plant B the questionnaire was administered to the entire organization. Approximately 700 individuals out of a potential population of 1000 completed the survey, for a response rate of 70%. In both cases the response rate was well above the minimum of 50% required to extrapolate from the sample to the entire population.
Results

Functional Analysis
The Functional Analysis conducted at both plants yielded a number of insights about the organizational behavior of NPPs. Of greatest relevance are the insights that relate the organizational factors of communication, decision-making, culture, management attention and oversight and standardization of work, to safety performance. In particular, standardization of work, whereby the contents of tasks are specified in considerable detail through procedures, policies, or other forms of guidance, was easily identifiable. The commitment to standardization could be seen in both plants in several processes related to procedures, work order request mechanisms, and management information systems.
The Functional Analysis also helped to identify the managerial and supervisory positions within the plant that would be utilized in the Behavioral Observation Technique. The identification of organizational units important to plant safety performance facilitated the identification of the managers and supervisors to be observed. Individuals involved in the standardization of work, its implementation, and subsequent feedback mechanisms were identified. Not surprising, as depicted in Table 1 , the distribution of individuals identified for both plants was very similar.
Behavioral Observation Technique
Initially coded into 37 behaviors, the behaviors were grouped for ease of analysis and presentation into six primary categories. For each observed behavior, the mode of communication was also recorded. Each time the individual being observed interacted with another individual, the respondent's unit and organizational level relative to the individual being observed was noted. Also recorded during the observational period was the level of formality of the interaction, primarily whether the behavior occurred in a formal situation, a scheduled meeting, or in an informal situation. The distribution of these variables for all individuals observed in Plant A and Plant B are presented in Table 2 . The results from the organizational culture assessment for each plant were compared by statistical analysis. The plants differed significantly from each other on 6 scales. These results are presented in Table 6 . Three of the scales on which the plants differed are used to asses organizational culture, the Affiliative, Conventional and Self-Actualizing Scales. Plant A employees perceive their plant to be less traditional (conventional), but more people-oriented (affiliative) and supportive of professional development (self-actualizing), than Plant B employees perceive their organization to be. Plant A employees also scored higher than Plant B employees on scales indicative of overall commitment to the organization, perceived hazardous nature of work, and attention to safety.
Statistically significant differences were also obtained when comparisons were made between supervisors/managers at each plant. Plant A supervisors and managers perceived a greater need for approval and dependencyupon upper management to succeed in the organization than did, Plant B supervisory and management personnel. When nonsupervisory personnel at each plant were compared, Plant A personnel scored higher on commitment to the organization, perceived hazardous nature of work, and attention to safety than did Plant B personnel. Scales on which the plants did not differ significantly from each other included cultural dimensions related to perfectionism in work, a critical and questioning attitude, and some level of competitiveness. Scores for both plants on the scale measuring work group cohesiveness were also very similar. These results support other research conclusions that these may be characteristics of high reliability organizations 141, and therefore similarities would be expected between the two NPPs on these measures.
Behaviors
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Conclusions
The similarities observed between the two commercial NPPs within each of the methods utilized in the demonstration studies, provides evidence for the reliability and utility of the methodology. These results provide a profile of some of the organizational characteristics of NPPs.
Issues surrounding the standardization of work and skills were identified as similar for both plants through the functional analysis. A great deal of emphasis was placed in both plants on the processes of standardization, including the development, implementation, and modification of procedures; the interaction of those in the organization involved with standardization with those in the operating core, especially in the areas of training, engineering, licensing and quality assurance; the use of management information systems; and thecommunication ofpolicies and programs relevant to plant performance.
Results from the behavioral observation technique indicated that the behavior of clarifying ambiguity, the asking of questions or an inquisitive attitude, was remarkably similar both across and within the two plants.
Regardless of functional unit or position, a very consistently similar frequency of this behavior was observed in both plants. The similarity of the relative frequencies of behaviors between the plants is also noteworthy, with management attention and oversight consistently having the highest frequency; clarifying ambiguity second; decision-making/problem-solving third; and planning and organizing, solitary work, and non-work related on the lower end of the distribution. The similarity in the frequency of behaviors observed for the same functional position is also indicative of the utility of the behavioral categorization scheme developed.
Cultural similarities were obtained through the use of the organizational culture assessment indicating that certain behaviors were perceived by employees in both plants to be important to success in the organization. These included a perceived emphasis on perfectionism in one's work, a critical and somewhat oppositional perspective towards performance, and an element of competitiveness, both within and outside of the plant. Personnel at both plants also placed similar values on their identification with day to day work groups, in both cases to a greater extent than their commitment to the overall organization.
The methodology also allowed the discrimination of the two plants on several dimensions. Both are perceived by the NRC to be good performing plants and safely operated. The organizational data collected in the demonstration studies identified several dimensions on which the plants differed on, perhaps indicative of different management styles and modes of operation. Included were perceptions by employees on the emphasis that management in the plant places on people-oriented issues and professional development. The centralization of decision-making responsibility was also perceived differently at the two plants, with one organization clearly perceived as more traditional and bureaucratic, and the other as more participative and collegial.
Although both plants scored high on perceived hazardous nature ofwork and attention to safety, one plant did score significantly higher than the other on both of these scales. Additional data collected by the authors at other organizations in this area validates the relationship observed in these studies, that the plant which scored higher on the safety and hazard scales also scored higher on cultural scales related to people oriented issues and emphasis on work achievement and professional development.
In summary, the Nuclear Organization and Management Analysis Concept and the associated methodology first posited four years ago, is alive and well. Its utility in providing a more systematic and objective description of the organizational factors influencing performance in NPPs has been clearly demonstrated. The ability to use these methods to differentiate between plants has also been demonstrated. Current efforts are being focussed on refining the organizational factors and coordinating work with other NRC contractors conducting research in this area. Additional plant visits are anticipated which should provide further insight into the factors and their application for other NRC activities.
